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Formation of electrostatic potential structures in 
magnetized plasmas is as yet a challenging prob-
lem for generating accelerated charged particles in a 
space plasma and controlling particle confinement in 
a fusion-oriented plasma device. In particular, auroral 
electrons are recognized to be accelerated by the elec-
tric field along the magnetic field lines above the iono-
sphere. A current-driven electrostatic ion-cyclotron in-
stability has been paid much attention as a candidate 
for formation mechanism. In fact, it is reported that a 
V-shaped potential structure and an electrostatic ion-
cyclotron wave are simultaneously present above the 
auroral ionosphere. 
In our previous work,!) we have succeeded in demon-
strating that a V-shaped dc potential structure is cre-
ated by a current-driven electrostatic ion-cyclotron in-
stability in the case of bell-shaped electron stream. 
Furthermore, we have shown that time evolutions of 
dc potential structure accompanied by current-driven 
electrostatic ion-cyclotron instability for the cases with 
a spatially uniform electron stream and a bell-shaped 
electron stream.2) In these works, the simulation pa-
rameters were chosen such that the electrostatic ion 
cyclotron wave is unstable and the ion acoustic wave 
is stable. 
Recent satellite observations suggested that small 
scale structures are created in a large scale struc-
ture. In order to investigate these formations, we 
have started a series of simulation works. We use 
self-consistent open-boundary 2-1/2 dimensional par-
ticle simulation model where fresh electrons are con-
tinuously supplied from the upstream and the down-
stream boundaries without unphysical noise near the 
boundaries. 3,4) Simulation configuration is shown in 
Fig. 1. There is an external uniform magnetic field 
pointing into the positive x-direction. The system is 
divided in segments in the y-direction where each seg-
ment is assumed to be connected to an external con-
stant current generator, respectively. The number of 
particles injected from the open boundaries is specified 
in such a way that the electric current is kept constant 
at the boundaries of each segment at each time step. 
Initially, shift-Maxwellian electrons drifting in the pos-
itive x-direction are uniformly loaded in the system. 
Fresh electrons are injected from the upstream (x = 0) 
and the downstream (x = Lx) boundaries so as to be 
consistent with the initial particle velocity distribution. 
For ions, reflecting boundary condition is applied be-
cause initial velocity distribution of ions is non-shifted 
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Maxwellian. A periodic boundary condition is applied 
in the y-direction. The electron and ion motions are 
followed in (vx , Vy, v z) velocity space and (x, y) real 
space to track the cyclotron motion. The simulation 
parameters are chosen such that both of the ion acous-
tic wave and the electrostatic ion-cyclotron wave are 
unstable. We have performed some preliminary sim-
ulation runs. Figure 2 shows the wave front pattern 
at wpet = 1400 for the typical case. The ion cyclotron 
wave propagating almost across the magnetic field is 
observed. Details are now in investigation. 
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Fig. 1. Simulation model. 
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Fig. 2 Gray scale contour plot of the potential profile 
at wpet = 1400. 
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